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VAPORIZER WITH CAPACITY CONTROL VALVE 

TECHNICAL FIELD 

This invention relates to a vaporizer for vaporizing liquefied gases, and in 
particular, to a vaporizer using a capacity control valve for controlling an input flow rate of 
5 the liquefied gas, such as liquefied petroleum gas, to the vaporizer. 

BACKGROUND OF THE INVENTION 

Vaporizers for the controlled vaporization of liquefied gases are generally 
known. One electrically heated liquefied petroleum gas (LPG) vaporizer is disclosed in 
U.S. Patent No. 4,255,646. Another liquefied gas vaporizer is disclosed in U.S. Patent 
10 No. 4,645,904. Typically, such vaporizers includes a pressure vessel having a liquefied gas 
inlet near a lower end and a gas vapor outlet near a closed upper end remote from the 
liquefied gas inlet. A heating core is disposed within the pressure vessel, usually 
positioned close to the lower end, and typically comprises an electric heating element, but 
can be of other types. 

1 5 Various means are known for ensuring that a sufficient flow of liquefied gas 

is provided to the vaporizer without flooding the vaporizer and saturating the gas vapor at 
the outlet with liquefied gas. For example, a temperature sensor has been used to measure 
the temperature of the gas vapor in the gas vapor outlet and close a solenoid valve on the 
liquefied gas inlet if the outlet temperature becomes low, indicating saturation of the gas 

20 vapor. An optical sensor has also been used to sense the presence of liquid in the gas vapor 
to regulate the inflow of the liquefied gas to the vaporizer. 

The vaporizer may also have liquefied gas sensing means communicating 
with the interior of the pressure vessel near its upper end, below the gas vapor outlet. The 
liquefied gas sensing means is typically a float switch for sensing the level of liquefied gas 

25 in the pressure vessel and controlling a valve to stop the inflow of liquefied gas to the 
vaporizer. The valve stops the flow of liquefied gas to the liquefied gas inlet before the 
liquefied gas floods through the outlet of the vaporizer. 
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It is desirable to have better regulation of the liquefied gas inflow to the 
vaporizer to prevent saturation or "flooding" at the gas vapor outlet, to generate gas vapor 
at the gas vapor outlet with the desired temperature, and to promote maximum efficiency of 
the vaporizer using a reliable and inexpensive control arrangement. 

5 SUMMARY OF THE INVENTION 

The present invention is embodied in a vaporizer for vaporizing a liquefied 
gas supplied by a source of liquefied gas and useable with a heat source. The vaporizer 
includes a heat exchanger having an inlet structured to accept liquefied gas, a heat 
exchanger portion to boil and superheat the accepted liquefied gas to produce a gas vapor 

10 using the heat supplied by the heat source, and an outlet structured to release the gas vapor. 
A temperature sensor is arranged to sense the temperature of the gas vapor produced by the 
heat exchanger and produce a sensed temperature pressure in response to the sensed 
temperature. A pressure sensor is arranged to sense the difference in the sensed 
temperature pressure and a pressure of the liquefied gas supplied by the source of liquefied 

15 gas. A flow regulator valve is arranged to regulate the flow of liquefied gas from the 
source of liquefied gas to the heat exchanger inlet in response to the pressure sensor 
sensing the difference in the sensed temperature pressure and the pressure of the liquefied 
gas supplied by the source of liquefied gas. 

20 In one embodiment, the temperature sensor is arranged to sense the 

temperature of the gas vapor at the heat exchanger outlet. In the one embodiment the 
vaporizer further includes a biasing member producing a biasing force to bias the flow 
regulator to reduce the flow of liquefied gas to the heat exchanger inlet, and an adjustment 
member arranged to selectively adjust the biasing force produced by the biasing member. 

25 

The flow regulator is arranged to increase the flow of liquefied gas to the 
heat exchanger inlet in response to the pressure sensor sensing the difference in the sensed 
temperature pressure and the pressure of the liquefied gas supplied by the source of 
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liquefied gas being one of increasing and decreasing, and decrease the flow of liquefied gas 
to the heat exchanger inlet in response to the pressure sensor sensing the difference in the 
sensed temperature pressure and the pressure of the liquefied gas supplied by the source of 
liquefied gas being the other of increasing and decreasing. 

5 

In the one embodiment the flow regulator is a valve, particularly, a control 
valve having a valve body with a liquefied gas inlet chamber and a liquefied gas outlet 
chamber. The control valve has a valve inlet in fluid communication with the liquefied gas 
inlet chamber and structured to be coupled to and accept the liquefied gas supplied by the 

10 source of liquefied gas, and a valve outlet in fluid communication with the liquefied gas 
outlet chamber and connected to the heat exchanger inlet. The control valve further 
includes a valve positioned between the liquefied gas inlet chamber and the liquefied gas 
outlet chamber, with the valve being movable toward a closed configuration to reduce the 
flow of liquefied gas from the liquefied gas inlet chamber to the liquefied gas outlet 

15 chamber and toward an open configuration to increase the flow of liquefied gas from the 
liquefied gas inlet chamber to the liquefied gas outlet chamber. The valve being moved 
toward the closed and open configurations in response to the pressure sensor sensing the 
difference in the sensed temperature pressure and the pressure of the liquefied gas supplied 
by the source of liquefied gas. 

20 

In one embodiment the control valve is a capacity control valve having a 
valve body with a thermal expansion chamber, a liquefied gas inlet chamber and a liquefied 
gas outlet chamber. A diaphragm within the valve body divides the thermal expansion 
chamber from the liquefied gas inlet chamber. The diaphragm is movable in response to a 
25 pressure imbalance in the thermal expansion chamber and the liquefied gas inlet chamber. 

In this embodiment the temperature sensor is a temperature sensing member 
positioned to sense the temperature of the released gas vapor from the heat exchanger 
outlet and has an expansion fluid therein in fluid communication with the thermal 
expansion chamber. The capacity control valve further includes a valve inlet in fluid 
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communication with the liquefied gas inlet chamber and structured to be coupled to and 
accept the liquefied gas supplied by the source of liquefied gas, and a valve outlet in fluid 
communication with the liquefied gas outlet chamber and connected to the heat exchanger 
inlet. The capacity control valve further includes a valve positioned between the liquefied 
5 gas inlet chamber and the liquefied gas outlet chamber. The valve is movable toward a 
closed configuration to reduce the flow of liquefied gas from the liquefied gas inlet 
chamber to the liquefied gas outlet chamber and toward an open configuration to increase 
the flow of liquefied gas from the liquefied gas inlet chamber to the liquefied gas outlet 
chamber. The valve is moved toward the closed and open configurations in response to 
10 movements of the diaphragm resulting from the differential pressure in the thermal 
expansion chamber and the liquefied gas inlet chamber, with the pressure in the thermal 
expansion chamber being dependent on the sensed temperature of the released gas vapor 
from the heat exchanger outlet and the pressure in the liquefied gas inlet chamber being 
dependent on the pressure of the liquefied gas supplied by the source of liquefied gas. 

15 

In this embodiment the temperature sensing member is a sensing bulb 
thermally coupled to the heat exchanger outlet and the expansion fluid is communicated to 
the thermal expansion chamber by a tube in fluid communication with the thermal 
expansion chamber. The expansion fluid is selected to have saturation properties similar to 
20 saturation properties of the liquefied gas supplied by the source of liquefied gas. 

The capacity control valve further includes an auxiliary pressure device 
producing a biasing pressure on the valve to bias the valve toward the closed configuration. 
The auxiliary pressure device has an adjustment member to adjustably select the biasing 
25 pressure produced by the auxiliary pressure device. 

The diaphragm and the valve are connected together such that movement of 
the diaphragm toward the thermal expansion chamber moves the valve toward the closed 
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configuration and movement of the diaphragm toward the liquefied gas inlet chamber 
moves the valve toward the open configuration. 

In some embodiments a second valve is utilized with the control valve 
5 controlling operation of the second valve. 

A method is also disclosed for vaporizing a liquefied gas. The method 
includes introducing a quantity of liquefied gas into a heat exchanger at a flow rate; 
vaporizing the liquefied gas in the heat exchanger to produce a gas vapor; sensing the 
temperature of the gas vapor produced by the heat exchanger; generating a sensed 
temperature pressure in response to the sensed temperature; sensing a difference in the 
sensed temperature pressure and a pressure of the liquefied gas supplied by the source of 
liquefied gas; and adjusting the flow rate of the liquefied gas into the heat exchanger in 
response to sensing the difference in the sensed temperature pressure and the pressure of 
the liquefied gas supplied by the source of liquefied gas. 

Other features and advantages of the invention will become apparent from 
the following detailed description, taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figure 1 is a schematic view of a vaporizer having a capacity control valve 

used at the inlet of a heat exchanger and embodying the present invention. 

Figure 1 A is an isometric view of the vaporizer shown in Figure 1 having a 
heat exchanger comprised of two stacked heat exchanger blocks and the capacity control 
valve. 

25 Figure IB is an isometric view of the vaporizer of Figure 1A shown 

partially assembled with one to the heat exchanger blocks show in phantom line to better 
illustrate the vaporization tube encased therein. 
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Figure 2 is a schematic view of a multiple vaporizers system using the 
vaporizer shown in Figure 1. 

Figure 3 is a schematic view of an embodiment of the vaporizer of the 
present invention having the capacity control valve used as a pilot for a larger inlet valve. 
5 Figure 4 is a schematic view of an embodiment of the vaporizer of the 

present invention having the capacity control valve used as a pilot for a larger inlet valve 
and incorporating a regulator. 

Figure 5 is a schematic view of an embodiment of the vaporizer of the 
present invention having the capacity control valve used as a pilot for a larger outlet valve. 
10 Figure 6 is a schematic view of an embodiment of the vaporizer of the 

present invention having the capacity control valve used as a pilot for a larger outlet valve 
and incorporating a regulator. 

Figure 7 is a schematic view of an embodiment of the vaporizer of the 
present invention having the capacity control valve used at the outlet of the heat exchanger. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of a liquefied gas vaporizer 10 of the present invention is 
illustrated in Figure 1, and includes a heat exchanger 12 which may be of a variety of 
constructions. A liquefied gas inlet tube 14 is connected to an inlet 16 of the heat 

20 exchanger 12 to supply liquefied gas thereto for vaporization. In the illustrated 
embodiment, the liquefied gas is liquefied petroleum gas (LPG). The vaporized gas exists 
the heat exchanger 12 from an outlet 18 connected to a gas vapor outlet tube 20. Although 
any conventional heat exchanger may be used, such as those illustrated in the above- 
identified U.S. Patent Nos. 4,645,904 and 4,255,646, the illustrated heat exchanger 12 

25 includes an integral vaporization tube 22 encased in an aluminum block 24. The 
vaporization tube 22 extends between the inlet 16 and outlet 18 of the heat exchanger 12, 
with the outlet positioned above the inlet. More than one vaporization tube 22 may be 
used. 
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The heat exchanger 12 includes an electric heater 26 positioned adjacent to 
the aluminum block 24 within which the vaporization tube 22 resides to supply heat to the 
vaporization tube and to thereby boil the liquefied gas entering the vaporization tube from 
the inlet 16 to a vapor state. The gas vapor rises within the vaporization tube 22 and exits 
5 the heat exchanger 12 via the outlet 18 and is carried away by the outlet tube 20. In one 
embodiment, the electric heater 26 comprises a plurality of positive temperature coefficient 
(PTC) heating elements placed flat against at least one face of the block 24, and in an 
embodiment utilizing two blocks, such as blocks 24 A and 24B shown in Figures 1A and 
IB, the PTC heating elements are sandwiched securely between the two blocks. The PTC 

10 heating elements are each connected in parallel with an electrical the power supply 28. The 
power supply 28 supplies electrical power at 110 to 240 volts to each of the PTC heating 
elements of the electric heater 26. Although an electric heater is illustrated, other heat 
sources may be used to supply the heat necessary for vaporization of the liquefied gas, such 
as steam or by-product heated exhaust gases. While a liquefied petroleum gas vaporizer is 

15 described herein, the vaporizer 10 of the present invention may be used for vaporizing 
other liquefied gases, such as ammonia. 

The vaporizer 10 of the present invention includes a capacity control 
valve 30 coupled between a liquefied gas source 32, such as a liquefied petroleum gas 
storage tank, and the heat exchanger 12. The capacity control valve 30 includes a value 

20 inlet 34 connected to a liquefied gas inlet tube 36, which is coupled to and receives 
liquefied gas from the liquefied gas source 32. The capacity control valve 30 further 
includes a valve outlet 38 connected to the liquefied gas inlet tube 14, which extends to the 
inlet 16 of the heat exchanger 12. The capacity control valve 30 is constructed generally 
the same as a thermal expansion valve (TEX), such as commonly used in air conditioning 

25 systems. However, the capacity control valve 30 of the present invention is operated in 
reverse of the operation of a thermal expansion valve in an air conditioning system to 
perform a different function, as will be describe below. 

The capacity control valve 30 includes a valve body 40 having a thermal 
expansion chamber 42, a liquefied gas inlet chamber 44 and a liquefied gas outlet 
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chamber 46. A diaphragm 48 divides the thermal expansion chamber 42 from the liquefied 
gas inlet chamber 44. In the illustrated embodiment, the diaphragm is a flexible, thin metal 
disk of conventional design. A thermal sensing bulb 50 is positioned in thermal contact 
with the gas vapor outlet tube 20, which carries the vaporized gas from the heat exchanger, 
5 at a location reasonably close to the heat exchanger outlet 18. The thermal sensing bulb 50 
is connected by a tube 52 to the thermal expansion chamber 42. When the vaporizer 10 is 
implemented for use with liquefied petroleum gas as being described herein, the sensing 
bulb 50 is charged with an expansion fluid 54 having saturation properties similar to those 
of liquefied petroleum gas. The tube 52 provides fluid communication of the fluid 54 
10 between the sensing bulb 50 and the thermal expansion chamber 42. The sensing bulb 50 
in an alternative embodiment may be replaced with a coiled tube or a pass-through tube 
bulb. 

The diaphragm 48 is configured to respond to a pressure differential 
between the thermal expansion chamber 42 and the liquefied gas inlet chamber 44. At 

15 equilibrium, when the pressure in both chambers 42 and 44 is equal, the diaphragm 48 is 
balanced in an "at rest" position between the chambers 42 and 44. A pressure difference 
between the thermal expansion chamber 42 and the liquefied gas inlet chamber 44 causes 
the diaphragm 48 to move or flex into the one of the chambers 42 and 44 having the lesser 
pressure therein. The degree of expansion, i.e., the distance that the diaphragm 48 moves 

20 into the lower pressure chamber, is a function of the difference in pressure between the 
chambers 42 and 44: the greater the pressure differential, the farther the diaphragm 48 
moves. Thus, the diaphragm 48 moves along a continuum that is infinitely variable in 
response to changes in the pressure differential between the thermal expansion chamber 42 
and the liquefied gas inlet chamber 44. 

25 The valve inlet 34 of the capacity control valve 30 supplies the liquefied gas 

carried by the liquefied gas inlet tube 36 to the liquefied gas inlet chamber 44. The valve 
outlet 38 discharges the liquefied gas in the liquefied gas outlet chamber 46 to the liquefied 
gas inlet tube 14 to supply the liquefied gas to the heat exchanger 12 for vaporization. An 
annular wall 56 with a central orifice 58 divides the liquefied gas inlet chamber 44 from the 
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liquefied gas outlet chamber 46. A valve seat 60 is formed on an underside of the annular 
wall 56, about the orifice 58, and a valve 62 is positioned below the annular wall and is 
operatively movable between a fully closed position with the valve seating in the valve 
seat, and a fully open position with the valve moved downward, substantially away from 
5 the valve seat. The valve 62 is positionable at all positions between the fully closed and 
fully open positions, as will be described in greater detail below. 

When the valve 62 is in the fully closed position, in seated arrangement with 
the valve seat 60, the valve blocks the flow of liquefied gas from the liquefied gas inlet 
chamber 44 into the liquefied gas outlet chamber 46, and hence blocks the flow of liquefied 

10 gas to the heat exchanger 12. As the valve 62 opens and moves downward progressively 
farther away from the valve seat 60, the flow of liquefied gas from the liquefied gas inlet 
chamber 44 into the liquefied gas outlet chamber 46 progressively increases, as does the 
flow of liquefied gas to the heat exchanger 12. As the open valve 62 moves upward 
progressively closer to the valve seat 60, the flow of liquefied gas from the liquefied gas 

1 5 inlet chamber 44 into the liquefied gas outlet chamber 46 progressively decreases, as does 
the flow of liquefied gas to the heat exchanger 12. 

The movement of the valve 62 is principally controlled by the movement of 
the diaphragm 48 using a rigid valve stem 64, which couples the valve 62 to the 
diaphragm 48 for movement therewith. An upper end of the valve stem 64 is attached to a 

20 central portion of the diaphragm 48, and a lower end of the valve stem is attached to a 
central portion the valve 62. When a pressure differential exists between the thermal 
expansion chamber 42 and the liquefied gas inlet chamber 44, the diaphragm 48 moves 
toward the chamber with the lesser pressure therein, and the valve stem 64 causes the 
valve 62 to move in the same direction and by the same amount relative to the valve 

25 seat 60. 

In operation, the movements of the diaphragm 48 open and close the 
valve 62 as the relative pressures of the liquefied gas in the liquefied gas inlet chamber 44 
and the liquid 54 in the thermal expansion chamber 42 change. If the pressure Pbulb of the 
liquid 54 in the thermal expansion chamber 42 should decrease, as a result of the sensing 
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bulb 50 sensing the temperature of the gas vapor in the gas vapor outlet tube 20 decreasing, 
the diaphragm 48 will move upward into the thermal expansion chamber 42 and the valve 
stem 64 will drive the valve 62 upward. With sufficient upward movement the valve 62 
will reach the fully closed position, with the valve seated in the valve seat 60 and the flow 
5 of liquefied gas to the heat exchanger 12 completely blocked. Of course, the direction and 
amount of movement of the valve 62 results from the amount and direction of the 
differential pressure experienced by the diaphragm 48. If the pressure Pin of the liquefied 
gas in the liquefied gas inlet chamber 44 should also increase or decrease, the valve 62 will 
move upward in a different amount, and could even move in the downward direction. 

10 If the pressure Pbulb of the liquid 54 in the thermal expansion chamber 42 

should increase, as a result of the sensing bulb 50 sensing the temperature of the gas vapor 
in the gas vapor outlet tube 20 increasing, the diaphragm 48 will move downward into the 
liquefied gas inlet chamber 44 and the valve stem 64 will drive the valve 62 downward. 
With sufficient downward movement the valve 62 will reach the fully open position, with 

15 the valve spaced far from the valve seat 60 and the flow of liquefied gas to the heat 
exchanger 12 substantially uninhibited. The more the movement opens the valve 62, the 
larger the flow of liquefied gas to the heat exchanger. If the pressure Pin of the liquefied 
gas in the liquefied gas inlet chamber 44 should also increase or decrease, the valve 62 will 
move downward in a different amount. Again, the direction and amount of movement of 

20 the valve 62 results from the amount and direction of the differential pressure experienced 
by the diaphragm 48, the differential pressure being the difference between the pressure of 
the liquid 54 in the thermal expansion chamber 42 (which is dependent on the temperature 
of the gas vapor in the gas vapor outlet tube 20 being measured by the sensing bulb 50) and 
the pressure of the liquefied gas in the liquefied gas inlet chamber 44 (which is dependent 

25 on the pressure of the liquefied gas being supplied to the vaporizer 10 by the liquefied gas 
source 32). 

The pressure of the liquefied gas in the liquefied gas inlet chamber 44 is the 
inlet pressure of the liquefied gas supplied to the vaporizer 10 by the liquefied gas 
source 32. This vaporizer inlet pressure changes with the conditions experienced by the 
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liquefied gas source 32, such as the temperature of the source, and the vaporizer inlet 
pressure tends to follow the saturation pressure of the input gas. Thus, the capacity control 
valve 30 controls the input flow of liquefied gas to the heat exchanger 12 based upon both 
the temperature of the gas vapor in the gas vapor outlet tube 20 and the inlet pressure of the 
5 liquefied gas supplied to the vaporizer 10 by the liquefied gas source 32, unlike some prior 
art vaporizers which only controlled the input flow based upon the temperature of the gas 
vapor produced without concern for the inlet pressure of the liquefied gas being supplied to 
the vaporizer. As such, these prior art vaporizers do not adequately respond to the 
changing conditions of the liquefied gas input to the vaporizer. 

10 As noted above, the amount and direction of the movement of the 

diaphragm 48, and hence the amount and direction of movement of the valve 62 and the 
amount of liquefied gas that the valve allows to flow through the capacity control valve 30 
into the inlet tube 14 of the heat exchanger 12, are a function of the pressure differential 
between the thermal expansion chamber 42 and the liquefied gas inlet chamber 44. 

15 Accordingly, a pressure within the liquefied gas inlet chamber 44 that is greater than the 
pressure in the thermal expansion chamber 42 will cause the diaphragm 48 to move upward 
and the valve stem 64 to move the valve 62 toward the valve seat 60 and the fully closed 
position, thereby progressively reducing the flow of liquefied gas to the heat exchanger 12. 
Conversely, a pressure within the thermal expansion chamber 42 that is greater than the 

20 pressure of the liquefied gas inlet chamber 44 will cause the diaphragm 48 to move 
downward and the valve stem 64 to move the valve 62 away from the valve seat 60 and 
toward the fully open position, thereby progressively increasing the flow of liquefied gas to 
the heat exchanger 12. Preferably, the valve 62, the valve seat 60, and the valve stem 64 
are configured in combination with the diaphragm 48 such that when at equilibrium, with 

25 the pressure across the diaphragm balanced and the diaphragm 48 in the "at rest" position, 
the valve 62 is at a distance away from the valve seat 60 such that the pressurized flow of 
liquefied gas passing through the capacity control valve 30 and into the heat exchanger 12 
is at a predetermined flow rate selected to provide the desired rated output of gas vapor in 
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the outlet tube 20 at a desired superheated temperature under normal operation of the 
vaporizer 10. 

As discussed, the pressure differential across the diaphragm 48 is the 
difference between the inlet liquefied gas pressure Pin within the liquefied gas inlet 
5 chamber 44 and the pressure Pbulb of the liquid 54 in the thermal expansion chamber 42. 
Change in the temperature of the gas vapor exiting the heat exchanger 12 through the outlet 
tube 20 is indicative of a change in the operating condition occurring inside the heat 
exchanger 12, with the liquid 54 within the sensing bulb 50 communicating that change of 
gas vapor temperature to the thermal expansion chamber 42. As noted above, the sensing 

10 bulb 50 is charged with a fluid having saturation properties similar to those of the liquefied 
gas for which the vaporizer 10 of the invention is implemented, such as liquid petroleum 
gas for the embodiment described herein. Similarly, a change in the condition experienced 
by the liquefied gas source 32 is communicated to the liquefied gas inlet chamber 44 via 
the valve inlet 34. In operation, the net result of these changes is movement of the 

15 diaphragm 48 and hence adjustment by the capacity control valve 30 of the liquefied gas 
supplied to the heat exchanger 12. 

For example, assuming that the diaphragm 48 was in the "at rest" position 
and the valve 62 was in a correspondingly open position, if a condition occurs such that the 
temperature of the vaporized gas in the outlet tube 20 goes down, the liquid 54 in the 

20 sensing bulb 50 contracts and the pressure in the thermal expansion chamber 42 decreases. 
This might result because the heat exchanger 12 is receiving a larger flow of liquefied gas 
than the electric heater 26 can vaporize with the desired gas vapor temperature. Assuming 
that there is no change also occurring in the condition of the liquefied gas source 32, this 
will cause the valve 62 to move upward and reduce the flow of liquefied gas to the heat 

25 exchanger 12. As the flow of liquefied gas to the heat exchanger 12 decreases, the heat 
produced by the electric heater 26 will be transferred to the now smaller flow of liquefied 
gas into the vaporization tube 22. As a result, the temperature of the vaporized gas exiting 
the outlet 18 will begin to increase compared to the temperature of the vaporized gas the 
electric heater had been producing at the higher flow rate. As the temperature of the gas 
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vapor in the outlet tube 20 sensed by the sensing bulb 50 rises, the liquid 54 will begin to 
expand and the pressure in the thermal expansion chamber 42 will increase. This will 
cause the valve 62 to move downward and further open the valve 62 to increase the flow of 
liquefied gas to the heat exchanger 12 until the flow rate through the vaporization tube 22 
5 allows the electric heater 12 to produce gas vapor in the outlet tube 20 at the desired 
temperature. 

This operation also insures that only gas vapor, and not liquefied gas flows 
out the outlet tube 20. Should the heat exchanger 12 start flooding with liquefied gas, the 
gas vapor being produced will become very saturated and its temperature will drop, thus 

10 moving the valve 62 toward the fully closed position and restricting or even cutting off the 
flow to and from the heat exchanger 12 until the temperature of the gas vapor in the outlet 
tube rises to the desired temperature. However, since the diaphragm 48 is responsive to the 
pressure Pin of the liquefied gas in the liquefied gas inlet chamber 44 the inlet 
pressure of the liquefied gas supplied to the vaporizer 10 by the liquefied gas source 32), 

15 and not just the temperature of the gas vapor in the outlet tube 20, should a change in the 
inlet pressure be occurring at the same time, the operation of the capacity control valve 30 
takes that into account. For example, if the inlet pressure is rising, the valve 12 will be 
closed even further, but if the inlet pressure is falling, the valve will not be closed as far, 
thereby producing overall better results than if only the temperature of the gas vapor in the 

20 outlet tube 20 was used to control the operation of the capacity control valve. Thus, the 
flow of liquefied gas into the heat exchanger 12 will be more accurately controlled to 
provide gas vapor at the desired temperature and the flow of liquefied gas into the heat 
exchanger 12 will not exceed the vaporization ability of the electric heater 26. 

In contrast to the flooding condition just discussed, should gas vapor in the 

25 outlet tube 20 increase in the temperature beyond the desired superheated temperature, the 
liquid 54 in the sensing bulb 50 will expand and the pressure in the thermal expansion 
chamber 42 increase. This might result because the heat exchanger 12 is receiving a 
smaller flow of liquefied gas than the electric heater 26 can vaporize with the desired gas 
vapor temperature, thus overheating the gas that is vaporized. Assuming that there is no 
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change also occurring in the condition of the liquefied gas source 32, this will cause the 
valve 62 to move downward and increase the flow of liquefied gas to the heat 
exchanger 12. As the flow of liquefied gas to the heat exchanger 12 increases, the heat 
produced by the electric heater 26 will be transferred to the now larger flow of liquefied 
5 gas into the vaporization tube 22. As a result, the temperature of the vaporized gas exiting 
the outlet 18 will begin to decrease compared to the excessive temperature of the vaporized 
gas the electric heater had been producing at the lower flow rate. As the temperature of the 
gas vapor in the outlet tube 20 sensed by the sensing bulb 50 lowers, the liquid 54 will 
begin to contract and the pressure in the thermal expansion chamber 42 will decrease. This 

10 will cause the valve 62 to move upward and further close the valve 62 to decrease the flow 
of liquefied gas to the heat exchanger 12 until the flow rate through the vaporization 
tube 22 allows the electric heater 12 to produce gas vapor in the outlet tube 20 at the 
desired temperature. As a result, the vaporizer 10 is self-regulating to always produce gas 
vapor at its maximum design capacity and at the desired temperature. 

15 Again, since the diaphragm 48 is responsive to the pressure Pin of the 

liquefied gas in the liquefied gas inlet chamber 44 (i.e., the inlet pressure of the liquefied 
gas supplied to the vaporizer 10 by the liquefied gas source 32), and not just the 
temperature of the gas vapor in the outlet tube 20, should a change in the inlet pressure be 
occurring at the same time, the operation of the capacity control valve 30 takes that into 

20 account. For example, if the inlet pressure is falling, the valve 12 will be opened even 
further, but if the inlet pressure is rising, the valve will not be opened as far, thereby 
producing overall better results than if only the temperature of the gas vapor in the outlet 
tube 20 was used to control the operation of the capacity control valve. Thus, the flow of 
liquefied gas into the heat exchanger 12 will be more accurately controlled to provide gas 

25 vapor at the desired temperature. 

The capacity control valve 30 includes a biasing spring 66 positioned 
between the valve 62 and an adjustment screw 68, to apply an upward biasing force or 
spring pressure P S pr on the valve tending to urge the valve toward the fully closed position. 
The biasing spring 66 is arranged directly below the valve 62, in coaxial alignment with the 
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valve stem 64, and provides a resistance force against downward movement of the valve 
which must be overcome by the pressure Pbulb of the liquid 54 in the thermal expansion 
chamber 42, in addition to the pressure Pin within the liquefied gas inlet chamber 44, to 
move the valve downward toward the fully open position. If the pressure Pbulb of the 
5 liquid 54 in the thermal expansion chamber 42 minus the sum of the pressure Pin within the 
liquefied gas inlet chamber 44 and the spring pressure P S pr is greater than zero, then the 
valve 62 will open (i.e., if: Pbulb - [Pin + Pspr ] > 0, then the valve will open). 

The adjustment screw 68 is located to engage and selectively adjustably 
move upward or downward the lower end of the biasing spring 66. This is accomplished 

10 by rotating the adjustment screw to threadably move it inward or outward to increase or 
decrease, respectively, the amount of upward force the biasing spring 66 applies to the 
valve, which sets the "at rest" position of the diaphragm 48, Le. 9 the position the diaphragm 
will assume if the pressure in both the chambers 42 and 44 is equal. The effect is to set the 
superheated temperature to which the heat exchanger 12 will heat the gas vapor in the 

15 outlet tube 20 under normal operation of the vaporizer 10. The capacity control valve 30 
thus prevents liquefied gas (in the illustrated embodiment LPG liquid) carryover into outlet 
tube 20 by ensuring a minimum amount of superheat within the heat exchanger 12. If 
desired, in an alternative embodiment, the adjustment screw 68 can be deleted to provide a 
fixed superheat setting for the capacity control valve. 

20 Figure 2 illustrates a multiple vaporizer system 100 of the invention 

utilizing vaporizers 10a, 10b through 10m, each vaporizer being of the type described 
above with respect to the single vaporizer embodiment of Figure L The vaporizers 10a 
through 10m are all connected and operate simultaneously to provide superheated gas 
vapor to a single outlet or manifold 104. Historically, two or more vaporizers feeding into 

25 a single outlet or manifold have required near perfect balance among the vaporizers to 
prevent one from being "favored" over the others, which can result in the others shutting 
down their operation. Balancing the multiple vaporizers required the vaporizers to have 
near identical sizing and configuration, and near identical elevation and placement relative 
to the manifold, which was not always possible in practice. By using the capacity control 
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valve 30 of the present invention for each vaporizer of the multiple vaporizer system 100, 
these problems are overcome since there in no need for balancing the different vaporizers 
used in the system. The capacity control valve 30 of the invention ensures optimum 
performance from every vaporizer in the system independent of the operation of the other 
5 vaporizers. In effect, vaporizers using the capacity control valve 30 are self-balancing 
when used in a multiple vaporizer system. 

The vaporizers 10a through 10m of the system 100 include respective heat 
exchangers 12a through 12m, each having a respective gas vapor outlet tubes 20a through 
20m coupled into the single manifold 104. A capacity control valve 30a through 30m is 

10 coupled to the respective liquefied gas inlet tube 14a through 14m of each heat exchanger 
for controlling the input of liquefied gas into the heat exchanger 12a through 12m. A 
liquefied gas source, such as an LPG storage tank (not shown), supplies liquefied gas to a 
liquefied gas inlet tube 36a through 36m of each of the capacity control valves 30a through 
30m. The capacity control valves each include a sensing bulb 50a through 50m thermally 

1 5 coupled to a respective gas vapor outlet tube 20a through 20m between the heat exchanger 
and the gas vapor manifold 104. 

Optionally, the heat exchanger 12a through 12m of each vaporizer 10a 
through 10m of the system 100 may be at a different location, elevation and orientation 
relative to both the liquefied gas source and the gas vapor manifold 104. Furthermore, the 

20 liquefied gas inlet tubes 36a through 36m and the gas vapor outlet tubes 20a through 20m 
may be of different sizes and configurations if desired, and the system 100 will still operate 
properly. 

As described above for the single vaporizer 10 of Figure 1, the capacity 
control valves 30a through 30m operate to control the superheat of a corresponding one of 
25 the vaporizers 10a through 10m such that the vaporizer operates at maximum capacity, 
without suffering an overdraw condition. This operation will occur without regard to the 
presence or absence of additional vaporizers feeding gas vapor to the manifold 104. In 
other words, the capacity control valve of the invention permits multiple vaporizers to 
operate in parallel without regard for the size, elevation, configuration, etc. of the 
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vaporizers used. The use of the temperature of the gas vapor outlet tube and the inlet 
pressure of the liquefied gas to control the capacity control valve of the individual 
vaporizer, effectively controls each vaporizer independent of and decoupled from the other 
vaporizers of the system 100, with each vaporizer being controlled to operate at its 
5 maximum capacity and desired gas vapor temperature, as described above for the single 
vaporizer embodiment of Figure 1. 

The capacity control valve 30 of the present invention may alternately be 
used as a pilot for larger valves with higher flow capacities. This is especially useful to 
achieve the same beneficial results described above for the capacity control valve 30 when 
10 the capacity control valve cannot handle the higher flow rate through its own valve 
body 40. In Figure 3, the capacity control valve 30 is shown used to pilot a normally 
closed valve 200 used as an inlet valve and having a similar construction to the capacity 
control valve 30. 

The normally closed valve 200 includes a valve body 202 having an 
15 expansion chamber 204, an inlet chamber 206 and an outlet chamber 208. A 
diaphragm 210 divides the expansion chamber 204 from an atmospheric reference. In the 
illustrated embodiment, the diaphragm is a flexible, elastomer disk of conventional design. 
A tube 212 communicates with the expansion chamber 204. A valve inlet 214 
communicates with the inlet chamber 204 of the normally closed valve 200, and a valve 
20 outlet 216 communicates with the outlet chamber 208 of the normally closed valve. The 
diaphragm 210 is configured to respond to a pressure differential between the expansion 
chamber 204 and the atmospheric reference. 

An annular wall 218 with a central orifice 220 divides the inlet chamber 206 
from the outlet chamber 208. A valve seat 222 is formed on an underside of the annular 
25 wall 218, about the orifice 220, and a valve 224 is positioned below the annular wall and is 
operatively movable between a fully closed position with the valve seating in the valve 
seat, and a fully open position with the valve moved downward, substantially away from 
the valve seat. A rigid valve stem 225 couples the valve 224 to the diaphragm 210 for 
movement therewith. The valve 224 is positionable at all positions between the fully 
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closed and fully open positions. The liquefied gas inlet tube 36, which supplies liquefied 
gas from the liquefied gas source 32, is connected to both the valve inlet 34 of the capacity 
control valve 30 and the valve inlet 214 of the normally closed valve 200. The valve 
outlet 38 of the capacity control valve 30 is connected to the tube 212 leading to the 
5 expansion chamber 204 of the normally closed valve 200. The valve outlet 216 of the 
normally closed valve 200 is connected to the liquefied gas inlet tube 14, which is 
connected to the inlet 16 of the heat exchanger 12. 

When the valve 224 is in the fully closed position, in seated arrangement 
with the valve seat 222, the normally closed valve 200 blocks the flow of liquefied gas 

10 from the inlet chamber 206 into the outlet chamber 208, and hence blocks the flow of 
liquefied gas from the liquefied gas inlet tube 36 to the heat exchanger 12. As the 
valve 224 opens and moves downward progressively farther away from the valve seat 222, 
the flow of liquefied gas from the inlet chamber 206 into the outlet chamber 208 
progressively increases, as does the flow of liquefied gas to the heat exchanger 12. As the 

15 open valve 224 moves upward progressively closer to the valve seat 222, the flow of 
liquefied gas from the inlet chamber 206 into the outlet chamber 208 progressively 
decreases, as does the flow of liquefied gas to the heat exchanger 12. A biasing spring 226 
is positioned with respect to the valve 224 to apply an upward biasing, valve closing force 
on the valve 224 tending to urge the valve toward the fully closed position. The valve 224 

20 of the normally closed valve 200 is normally in the fully closed position as a result of the 
biasing spring 226, unless the pressure in the expansion chamber 204 is greater than the 
biasing pressure applied by the biasing spring 226, in which case the valve 224 is moved 
downward toward the fully open position. 

The capacity control valve 30 used in the embodiment of Figure 3 operates 

25 much like the capacity control valve 30 described above for the single vaporizer use shown 
in Figure 1. The valve 62 of the capacity control valve 30 is moved based on the 
differential pressure experienced by the diaphragm 48 with the diaphragm motion 
responsive to the pressure in the thermal expansion chamber 42, which is dependent on the 
temperature of the gas vapor in the gas vapor outlet tube 20 being measured by the sensing 
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bulb 50, and the pressure in the liquefied gas inlet chamber 44, which is dependent on the 
pressure of the liquefied gas being supplied to the vaporizer by the liquefied gas source 32. 
As noted, instead of the valve outlet 38 of the capacity control valve 30 being connected 
directly to the inlet 16 of the heat exchanger 12, it is connected via the tube 212 to the 
5 expansion chamber 204 of the normally closed valve 200 and thereby supplies the pressure 
in the expansion chamber 212 of the normally closed valve 200 to control its opening. 

The pressure in the expansion chamber 204 of the normally closed 
valve 200 supplied by the capacity control valve 30 is balanced by the diaphragm 210 of 
the normally closed valve against the pressure of the biasing spring 226 of the normally 

10 closed valve, and much like the capacity control valve 30 used in the embodiment of Figure 
1, thereby regulates the inlet flow of liquefied gas to the heat exchanger 12 to achieve 
substantially the same benefits. For example, when the normally closed valve 200 is closed 
but conditions cause the valve 62 of the capacity control valve 30 to move toward the fully 
open position because of a need to supply more liquefied gas to the heat exchanger 12, the 

15 valve outlet 38 of the capacity control valve supplies pressure to the expansion 
chamber 204 of the normally closed valve 200, causing the diaphragm 210 of the normally 
closed valve to move downward and the valve 224 of the normally closed valve to open, 
thus allowing the liquefied gas in the liquefied gas inlet tube 36 to flow to the inlet 16 of 
the heat exchanger 12. The required flow to the heat exchanger 12 passes through the 

20 normally closed valve 200 without having to pass through the capacity control valve 30. 
The inlet flow that the vaporizer system of Figure 3 can handle is larger since the normally 
closed valve 200 has a larger flow capacity than the capacity control valve 30. The valve 
outlet 38 of the capacity control valve 30 is also connected through a bleed restrictor 228 to 
the liquefied gas inlet tube 14. 

25 When the capacity control valve 30 of Figure 3 closes as a result of 

reduction of the temperature in the gas vapor outlet tube 20 sensed by the sensing bulb 50 
indicating a need to restrict the flow of liquefied gas to the heat exchanger 12, the pressure 
on the valve outlet 38 of the capacity control valve which is supplied to the expansion 
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chamber 204 of the normally closed valve 200 goes to zero and the valve 224 of the 
normally closed valve closes. 

A similar arrangement is shown in Figure 4, except that this embodiment 
has the capacity control valve 30 connected through an inlet regulator 300 to the normally 
5 closed valve 200. The valve outlet 38 of the capacity control valve 30 is connected to an 
inlet chamber 302 of the regulator 300. An outlet chamber 304 of the regulator 300 is 
connected to the tube 212 leading to the expansion chamber 204 of the normally closed 
valve 200. Regulator 300 is also connected via a sensing tube 306 to the liquefied gas inlet 
tube 14 at a location close to the inlet 16 of the heat exchanger 12. 

10 The capacity control valve 30 used in the embodiment of Figure 4 operates 

much like the capacity control valve 30 described above for the single vaporizer use shown 
in Figure 1, with the valve 62 being moved based on the differential pressure experienced 
by the diaphragm 48 with the diaphragm motion responsive to the pressure in the thermal 
expansion chamber 42, which is dependent on the temperature of the gas vapor in the gas 

15 vapor outlet tube 20 being measured by the sensing bulb 50, and the pressure in the 
liquefied gas inlet chamber 44, which is dependent on the pressure of the liquefied gas 
being supplied to the vaporizer by the liquefied gas source 32. As noted, instead of the 
valve outlet 38 of the capacity control valve 30 being connected directly to the inlet 16 of 
the heat exchanger 12, it is connected to the inlet chamber 302 of the regulator 300 and the 

20 outlet chamber 304 of the regulator 300 is connected via the tube 212 to the expansion 
chamber 204 of the normally closed valve 200 and thereby supplies the pressure in the 
expansion chamber 204 of the normally closed valve to control its opening. 

The pressure in the expansion chamber 204 of the normally closed 
valve 200 supplied by the capacity control valve 30 via the regulator 300, is balanced by 

25 the diaphragm 210 of the normally closed valve against the pressure of the biasing spring 
of the normally closed valve, and much like the capacity control valve 30 used in the 
embodiment of Figure 1, thereby regulates the inlet flow of liquefied gas to the heat 
exchanger 12 to achieve substantially the same benefits. For example, when the normally 
closed valve 200 is closed but conditions cause the valve 62 of the capacity control 
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valve 30 to move toward the fully open position because of a need to supply more liquefied 
gas to the heat exchanger 12, the valve outlet 38 of the capacity control valve supplies 
pressure to the inlet chamber 302 of the regulator 300 and the regulator thereby supplies a 
regulated pressure at the set point pressure to the expansion chamber 204 of the normally 
5 closed valve 200, causing the diaphragm 210 of the normally closed valve to move 
downward and the valve 224 of the normally closed valve to open. This allows the 
liquefied gas in the liquefied gas inlet tube 36 to flow to the inlet 16 of the heat 
exchanger 12. The required flow to the heat exchanger 12 passes through the normally 
closed valve 200 without having to pass through the smaller capacity control valve 30. The 

10 inlet flow that the vaporizer system of Figure 4 can handle is larger since the normally 
closed valve 200 has a larger flow capacity than the capacity control valve 30. The outlet 
chamber 304 of the regulator 300 is also connected through the bleed restrictor 228 to the 
liquefied gas inlet tube 14 at a location close to the inlet 16 of the heat exchanger 12. 

With the capacity control valve 30 open and the normally closed valve 200 

15 open, the regulated pressure in the expansion chamber 204 of the normally closed valve is 
balanced by the diaphragm 210 of the normally closed valve against the pressure of the 
biasing spring of the normally closed valve, and much like the capacity control valve 30 
used in the embodiment of Figure 1, thereby regulates the inlet flow of liquefied gas to the 
inlet 16 of the heat exchanger 12. 

20 When the capacity control valve 30 of Figure 4 closes as a result of 

reduction of the temperature in the gas vapor outlet tube 20 sensed by the sensing bulb 50 
indicating a need to restrict the flow of liquefied gas to the heat exchanger 12, the pressure 
on the valve outlet 38 of the capacity control valve which is supplied to the inlet 
chamber 302 of the regulator 300 goes to zero and the regulator ceases supplying the 

25 regulated pressure to the expansion chamber 204 of the normally closed valve 200, thus 
closing the valve 224 of the normally closed valve. 

In Figure 5, the capacity control valve 30 is shown used to pilot the 
normally closed valve 200 used as an outlet valve. The gas vapor outlet tube 20, which 
carries the gas vapor from the heat exchanger 12, is connected to both the valve inlet 34 of 
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the capacity control valve 30 and the valve inlet 214 of the normally closed valve 200. The 
valve inlet 34 of the capacity control valve 30 used in the embodiment of Figure 5 
communicates the pressure in the gas vapor outlet tube 20 to the inlet chamber 44 of the 
capacity control valve, rather than liquefied gas as is the case with the embodiments of 
Figures 1-4, hence the inlet chamber will be referred to as the gas vapor inlet chamber 44, 
rather than the liquefied gas inlet chamber. Similarly, the outlet chamber 46 of the capacity 
control valve 30 will be referred to as the gas vapor outlet chamber rather than the liquefied 
gas outlet chamber as was the case with the embodiments of Figures 1-4. The valve 
outlet 38 of the capacity control valve 30 is connected to the tube 212 leading to the 
expansion chamber 204 of the normally closed valve 200. The valve outlet 216 of the 
normally closed valve 200 is connected to a gas vapor outlet tube 230 of the vaporizer 10. 

When the valve 224 is in the fully closed position, in seated arrangement 
with the valve seat 222, the normally closed valve 200 blocks the flow of gas vapor from 
the inlet chamber 206 into the outlet chamber 208, and hence blocks the flow of gas vapor 
from the outlet 18 of the heat exchanger 12. Of course, if the flow of gas vapor out of the 
heat exchanger 12 is blocked, there will be substantially no flow of liquefied gas from the 
liquefied gas inlet tube 36 to the inlet 16 of the heat exchanger. As the valve 224 opens 
and moves downward progressively farther away from the valve seat 222, the flow of gas 
vapor from the inlet chamber 206 into the outlet chamber 208 progressively increases, as 
does the flow of liquefied gas to the heat exchanger 12. As the open valve 224 moves 
upward progressively closer to the valve seat 222, the flow of gas vapor from the inlet 
chamber 206 into the outlet chamber 208 progressively decreases, as does the flow of 
liquefied gas to the heat exchanger 12. 

In the embodiment of Figure 5, as in other embodiments, the sensing 
bulb 50 of the capacity control valve 30 is positioned in thermal contact with the gas vapor 
outlet tube 20 at a location reasonably close to the heat exchanger outlet 18, and the 
capacity control valve operates much like the capacity control valve described above for 
the single vaporizer use shown in Figure 1. The valve 62 of the capacity control valve 30 
is moved based on the differential pressure experienced by the diaphragm 48 with the 
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diaphragm motion responsive to the pressure in the thermal expansion chamber 42, which 
is dependent on the temperature of the gas vapor in the gas vapor outlet tube 20 being 
measured by the sensing bulb 50, and the pressure in the inlet chamber 44, which in the 
embodiment of Figure 5 is dependent on the pressure of the gas vapor being produced by 
5 the heat exchanger 12. As noted, in the embodiment of Figure 5, the valve outlet 38 of the 
capacity control valve 30 is connected via the tube 212 to the expansion chamber 204 of 
the normally closed valve 200 and thereby supplies the pressure in the expansion 
chamber 204 of the normally closed valve to control its opening. 

The pressure in the expansion chamber 204 of the normally closed 

10 valve 200 supplied by the capacity control valve 30 is balanced by the diaphragm 210 of 
the normally closed valve against the pressure of the biasing spring 226 of the normally 
closed valve 200, thereby regulates the outlet flow of gas vapor from the heat exchanger 12 
and thus the inlet flow of liquefied gas to the heat exchanger, to achieve substantially the 
same benefits as with the embodiments of Figures 1 and 3. For example, when the 

15 normally closed valve 200 is closed but conditions cause the valve 62 of the capacity 
control valve 30 to move toward the fully open position because of a need to supply more 
liquefied gas to the heat exchanger 12, the valve outlet 38 of the capacity control valve 
supplies pressure to the thermal expansion chamber 204 of the normally closed valve 200, 
causing the diaphragm 210 of the normally closed valve to move downward and the valve 

20 224 of the normally closed valve to open, thus allowing the gas vapor to flow from the heat 
exchanger outlet 18 and the liquefied gas in the liquefied gas inlet tube 36 to flow to the 
heat exchanger inlet 16. The required flow to the heat exchanger 12 passes through the 
normally closed valve 200 without having to pass through the capacity control valve 30. 
The inlet flow that the vaporizer system of Figure 5 can handle is larger since the normally 

25 closed valve 200 has a larger flow capacity than the capacity control valve 30. The valve 
outlet 38 of the capacity control valve 30 is also connected through a bleed restrictor 228 to 
the gas vapor outlet tube 230 downstream of the normally closed valve 200. 

When the capacity control valve 30 of Figure 5 closes as a result of 
reduction of the temperature in the gas vapor outlet tube 20 sensed by the sensing bulb 50 



23 



indicating a need to restrict the flow of liquefied gas to the heat exchanger 12, the pressure 
on the valve outlet 38 of the capacity control valve which is supplied to the thermal 
expansion chamber 204 of the normally closed valve 200 goes to zero and the valve 224 of 
the normally closed valve closes, which as described above, blocks the flow of gas vapor 
5 from the heat exchanger outlet 18 and the flow of liquefied gas to the heat exchanger 
inlet 16. 

A similar arrangement is shown in Figure 6 with the capacity control 
valve 30 arranged to pilot the normally closed valve 200 when used as an outlet valve, 
except that as in the embodiment of Figure 4 described above, this embodiment has the 

10 capacity control valve 30 connected through the outlet regulator 300 to the normally closed 
valve 200. The valve outlet 38 of the capacity control valve 30 is connected to the inlet 
chamber 302 of the regulator 300. The outlet chamber 304 of the regulator 300 is 
connected to the tube 212 leading to the expansion chamber 204 of the normally closed 
valve 200. The regulator 300 is also connected via a sensing tube 306 to the gas vapor 

1 5 outlet tube 230 downstream of the normally closed valve 200. 

The capacity control valve 30 used in the embodiment of Figure 6 operates 
much like the capacity control valve 30 described above for the single vaporizer use shown 
in Figure 1 and even more so the vaporizer shown in Figure 5, with the valve 62 being 
moved based on the differential pressure experienced by the diaphragm 48 with the 

20 diaphragm motion responsive to the pressure in the thermal expansion chamber 42, which 
is dependent on the temperature of the gas vapor in the gas vapor outlet tube 20 being 
measured by the sensing bulb 50, and the pressure in the inlet chamber 44, which is 
dependent on the pressure of the gas vapor being produced by the heat exchanger 12. As 
noted, the valve outlet 38 of the capacity control valve 30 is connected to the inlet 

25 chamber 302 of the regulator 300 and the outlet chamber 304 of the regulator 300 is 
connected via the tube 212 to the expansion chamber 204 of the normally closed valve 200 
and thereby supplies the pressure in the expansion chamber 204 of the normally closed 
valve to control its opening. 
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The pressure in the expansion chamber 204 of the normally closed 
valve 200 supplied by the capacity control valve 30 via the regulator 300, is balanced by 
the diaphragm 210 of the normally closed valve against the pressure of the biasing spring 
of the normally closed valve, thereby regulates the outlet flow of gas vapor from the heat 
5 exchanger 12 and thus the inlet flow of liquefied gas to the heat exchanger, to achieve 
substantially the same benefits as with the embodiments of Figures 1, 3 and 4. For 
example, when the normally closed valve 200 is closed but conditions cause the valve 62 of 
the capacity control valve 30 to move toward the fully open position because of a need to 
supply more liquefied gas to the heat exchanger 12, the valve outlet 38 of the capacity 

10 control valve supplies pressure to the inlet chamber 302 of the regulator 300 and the 
regulator thereby supplies a regulated pressure at the set point pressure to the expansion 
chamber 204 of the normally closed valve 200, causing the diaphragm 210 of the normally 
closed valve to move downward and the valve 224 of the normally closed valve to open. 
This allows the gas vapor to flow from the heat exchanger outlet 1 8 and the liquefied gas in 

15 the liquefied gas inlet tube 36 to flow to the heat exchanger inlet 16. The required flow to 
the heat exchanger 12 passes through the normally closed valve 200 without having to pass 
through the capacity control valve 30. The inlet flow that the vaporizer system of Figure 6 
can handle is larger since the normally closed valve 200 has a larger flow capacity than the 
capacity control valve 30. The outlet chamber 304 of the regulator 300 is also connected 

20 through the bleed restrictor 228 to the gas vapor outlet tube 230 downstream of the 
normally closed valve 200. 

With the capacity control valve 30 open and the normally closed valve 200 
open, the regulated pressure in the expansion chamber 204 of the normally closed valve is 
balanced by the diaphragm 210 of the normally closed valve against the pressure of the 

25 biasing spring of the normally closed valve, and much like the capacity control valve 30 
used in the embodiment of Figure 1, thereby regulates gas vapor outlet flow of the heat 
exchanger outlet 18 and the inlet flow of liquefied gas to the heat exchanger inlet 16. 

When the capacity control valve 30 of Figure 6 closes as a result of 
reduction of the temperature in the gas vapor outlet tube 20 sensed by the sensing bulb 50 
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indicating a need to restrict the flow of liquefied gas to the heat exchanger 12, the pressure 
on the valve outlet 38 of the capacity control valve which is supplied to the inlet 
chamber 302 of the regulator 300 goes to zero and the regulator ceases supplying the 
regulated pressure to the expansion chamber 204 of the normally closed valve 200, thus 
5 closing the valve 224 of the normally closed valve, which as described above, blocks the 
flow of gas vapor from the heat exchanger outlet 18 and the flow of liquefied gas to the 
heat exchanger inlet 16. 

Another embodiment of the invention very similar to the embodiment of 
Figure 1 is shown in Figure 7. In the embodiment of Figure 7, the capacity control valve 

10 30 is shown with its valve inlet 34 connected to the gas vapor outlet tube 20, which carries 
the gas vapor from the heat exchanger 12, and with its valve outlet 38 connected to the gas 
vapor outlet tube 230 of the vaporizer 10. The valve inlet 34 of the capacity control valve 
30 communicates the pressure in the gas vapor outlet tube 20 to the inlet chamber 44 of the 
capacity control valve, rather than liquefied gas as is the case with the embodiment of 

15 Figure 1, hence the inlet chamber will be referred to as the gas vapor inlet chamber 44, 
rather than the liquefied gas inlet chamber. Similarly, the outlet chamber 46 of the capacity 
control valve 30 will be referred to as the gas vapor outlet chamber rather than the liquefied 
gas outlet chamber as was the case with the embodiment of Figure 1 . 

When the valve 62 is in the fully closed position, in seated arrangement with 

20 the valve seat 60, the valve blocks the flow of gas vapor from the gas vapor inlet chamber 
44 into the gas vapor outlet chamber 46, and hence blocks the flow of gas vapor from the 
outlet 18 of the heat exchanger 12. Of course, if the flow of gas vapor out of the heat 
exchanger 12 is blocked, there will be substantially no flow of liquefied gas from the 
liquefied gas inlet tube 36 to the inlet 16 of the heat exchanger. As the valve 62 opens and 

25 moves downward progressively farther away from the valve seat 60, the flow of gas vapor 
from the gas vapor inlet chamber 44 into the gas vapor outlet chamber 46 progressively 
increases, as does the flow of liquefied gas to the heat exchanger 12. As the open valve 62 
moves upward progressively closer to the valve seat 60, the flow of gas vapor from the gas 
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vapor inlet chamber 44 into the gas vapor outlet chamber 46 progressively decreases, as 
does the flow of liquefied gas to the heat exchanger 12. 

As in other embodiments, the sensing bulb 50 of the capacity control valve 
30 is positioned in thermal contact with the gas vapor outlet tube 20 at a location 
5 reasonably close to the heat exchanger outlet 18, upstream from the valve inlet 34 in the 
embodiment of Figure 7. The capacity control valve 30 operates much like the capacity 
control valve described above for the embodiment of Figure 1 with the valve 62 of the 
capacity control valve 30 moving based on the differential pressure experienced by the 
diaphragm 48, and the diaphragm motion responsive to the pressure in the thermal 

10 expansion chamber 42 balanced against the gas vapor pressure in the gas vapor inlet 
chamber 44. As described above, the pressure in the thermal expansion chamber 42 is 
dependent on the temperature of the gas vapor in the gas vapor outlet tube 20 being 
measured by the sensing bulb 50, and the pressure in the gas vapor inlet chamber 44, which 
in the embodiment of Figure 7 is dependent on the pressure of the gas vapor being 

1 5 produced by the heat exchanger 12. 

The capacity control valve 30 of Figure 7 regulates the outlet flow of gas 
vapor from the heat exchanger 12 and thus the inlet flow of liquefied gas to the heat 
exchanger, to achieve substantially the same benefits as with the embodiment of Figure 1. 
For example, when conditions cause the valve 62 of the capacity control valve 30 to move 

20 toward the fully open position because of a need to supply more liquefied gas to the heat 
exchanger 12, the valve outlet 38 of the capacity control valve allow the gas vapor to flow 
from the heat exchanger outlet 18 and the liquefied gas in the liquefied gas inlet tube 36 to 
flow to the heat exchanger inlet 16. When the capacity control valve 30 of Figure 7 closes 
as a result of reduction of the temperature in the gas vapor outlet tube 20 sensed by the 

25 sensing bulb 50 indicating a need to restrict the flow of liquefied gas to the heat exchanger 
12, the valve 62 of the capacity control valve closes, which as described above, blocks the 
flow of gas vapor from the heat exchanger outlet 18 and the flow of liquefied gas to the 
heat exchanger inlet 16.From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
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various modifications may be made without deviating from the spirit and scope of 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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